Aim: To explore the longer term blood glucose self-monitoring outcomes and frequency of monitoring for outpatients with diabetes type 1 after completion of the Dose Adjustment for Normal Eating (DAFNE) course. The hypothesis was that DAFNE outcomes would differ according to frequency of glucose monitoring. Methods: A sequential data-triangulation design using existing baseline (T0) and 12-months (T12) DAFNE course data and interview data from 12 randomly selected participants who had completed the course two years ago. Results: Age range was 23 to 70 years with HbA1c 6.1% to 12.6% at T0 and 6.1% to 11.4% at T12. Comparisons of HbA1c, PAID, HAD subscales anxiety and depression, and covariate data between T0 and T12indicatedsignificant reductions in the mean depression and PAID scores (both P < 0.001) for the whole group. For the two groups who recorded their blood glucose less than three times or three or more times per day, changes were not significantly different. For both groups, the trend between T0 and T12 was downwards for change in mean blood glucose level and all survey scales. The proportion of all participants with T12 HbA1c at or below their T0 value was greater than 50% (Proportion = 69%, 95% CI: 56% -79%) but only the highest HbA1c tertile group showed a significant difference (P = 0.003). There was an average decrease in the incidence of hypoglycaemic events of 0.6 overall: The greatest change was for the high HbA1c tertile with a mean decrease of 0.8. The interview data suggested that DAFNE graduates experimented more with food, exercise, and insulin; gained knowledge; learnt personal body needs; increased awareness of blood glucose level; gained confidence and improved their quality of life. Conclusions: There was insufficient evidence to conclude that frequency of blood glucose monitoring influenced metabolic control. However, people
Background
Two simple facts underlie this paper. First, individuals with diabetes are responsible for 95% of their own diabetes management [1] . Second, self-report costs for people with type 1 diabetes-but without complicationsindicate health care costs contribute over 90% of the direct costs and half of this is hospital-related [2] . Hence, the development of effective self-monitoring of blood glucose (SMBG) behaviours is basic to reducing health care costs linked to diabetes-related hospitalization [3] and or hospital emergency presentations.
In addition to the problem of costs, educational programs must do more than focus on diabetes knowledge [1] [4] [5] . Education processes need to acknowledge the juxtaposition between essential and unrelenting blood glucose management and an individual's desire to make spontaneous food choices. Education to improve diabetes task-specific efficacy can positively impact behaviour change [5] - [7] . For example, the Dose Adjustment for Normal Eating (DAFNE) program is an educational intervention that can pay for itself over four to five years through improvements in people's glycaemic control and reduced diabetes complication rates [8] . It has also demonstrated improvement in participants' quality of life [9] - [11] . The DAFNE motto is "Like what you eateat what you like"-facilitated by a focus on flexibility through information that can enable individuals to avoid hyperglycaemic and debilitating hypoglycaemic events.
DAFNE participants learn to "…think of blood glucose and HbA1c as indicators that continually change in response to many controllable and uncontrollable factors…" [12] . Recording a blood glucose (BG) level and insulin dose before meals and bed-time provides the opportunity to interpret and identify BG level patterns, enabling a considered response to a lower or higher than target BG level. The knowledge and skill required to do this is part of the DAFNE program. The one-week skills-based outpatient course sits within a 12-month program. It is a client-centred program that focuses on diabetes management with carbohydrate counting at its core. That is, insulin replacement as needed and not dietary manipulation to fit prescribed insulin dosehence the potential for greater dietary freedom. Over time participants' sense of control over their diabetes as well as their confidence in decisions related to diabetes self-management increases [9] . Specifically, readiness for positive behaviour change is more likely to improve when knowledge [13] and diabetes-related confidence increases [6] [14] .
The increase in diabetes-related confidence can be explained by Self-Efficacy Theory [15] and its four sources of efficacy information advocated for behaviour change [16] - [18] . Secondly, the DAFNE program includes the therapeutic effects of groups. Group dynamics and processes in a workshop may have greater potential to change habitual or established praxis than one-to-one teaching [5] [19] .
Whilst there is a direct association between SMBG frequency and glucose control in type 1 diabetes (T1D), [20] [21] difficulty with interpretation and appropriate action may also account for the lack of consistent evidence around self-monitoring efficacy [22] . A phenomenological study [23] suggested that one of the most difficult self-care behaviours was the checking and recording of blood glucose(BG) four times per day with a view to keeping it within certain limits. Yet without knowledge of how to interpret results a greater barrier to metabolic control arises. In order to keep BG within certain limits DAFNE also teaches participants how to record all BG data, to interpret, and then to adjust their insulin accordingly.
Knowing how to interpret BG results and knowing what to do may reduce psychological distresses in general or diabetes-specific emotional distress; together they make up the quality of life belief that in turn influences metabolic control [24] . DAFNE studies have found a high prevalence of psychological distress in patients with type 1 diabetes prior to DAFNE training [25] [26] . Substantial improvements in anxiety, depression and perceived health were seen at follow up [25] [27] , particularly amongst subjects with evidence of significant anxiety and depression in the Hopkins et al.'s study.
Whilst DAFNE participants are expected to monitor and record blood glucose four times per day, anecdotal feedback from earlier course participants was consistent with the extant research literature: That BG self-monitoring in adults with diabetes type 1, though essential, was uncommon [28] . Studies have not explored whether the same DAFNE outcomes can be achieved whilst monitoring less often.
The aim of this study was to explore the long term SMBG outcomes and frequency of monitoring for outpatients with diabetes type 1 after completion of the Dose Adjustment for Normal Eating (DAFNE) course. The hypothesis was that DAFNE outcomes would differ according to frequency of glucose monitoring.
Methods
A sequential data triangulation design using existing pre and post DAFNE course data (N = 85), and interview data collected from 12 randomly selected participants who had completed the DAFNE course at least two years ago.
Sample
The study target group included 85 adult Western Australian course participants on the OZ DAFNE (Australian or National DAFNE) consortium's database. Existing DAFNE data were imported from the on-line environment.
Recruitment
The initial DAFNE course inclusion criteria were: Adults with type 1 diabetes for more than one year, prepared to monitor and record blood glucose four times per day, attend five consecutive days of the course, prepared to meet for a two-hour follow-up workshop five to six weeks after the course, and to have an individual interview a year later. Exclusion criteria were: Not in diabetes "honeymoon" phase, not using an insulin pump, and no end-stage diabetes-related complications. These initial DAFNE course participants had been informed that their de-identified data would be entered into a national data base.
In this study, individuals who had completed the DAFNE course between 2005 and 2008 were contacted by the Diabetes Centre staff. The 12 interview volunteers were obtained using a computer-generated list of random numbers whereby 24 of the 85 participants who completed the DAFNE course more than two years ago were sent invitation letters that explained the study and commitments, the interview format and a request to return the enclosed consent form: 12 replies were received. Confidentiality was ensured by the removal of identifying details from the interview during transcription.
Data Collection
Existing quantitative data were collected from the OZ-DAFNE consortium's database for baseline (T 0 ) and 12 month data (T 12 ). Background variables of relevance for this study included age, gender, body mass index, lipids, blood pressure, monitoring / recording history, and history of hypoglycaemic episodes since last annual DAFNE review. Hypoglycaemia was defined as, "...a hypoglycaemic episode you were unable to treat yourself". Data also included scores from two validated questionnaires-the Hospital Anxiety and Depression Scale (HADS) [29] and the Problem Areas in Diabetes (PAID) [30] . The additional data for this study included 12 open-ended interview questions focused on the person's dietary experiences and perception of their health and quality of life since completing the DAFNE course. They were conducted by a registered nurse cognisant of the aim of the DAFNE course.
Ethics
The ethical approval for this study was given by Sir Charles Gairdner Hospital's Human Research Ethics Committee.
Analysis
Statistical analyses were carried out in SPSS (version 18) and the R Statistical Computing Environment (R version 3.0.1) [31] . Power calculations were completed with G * Power 3.0.5 software [32] . Statistical significance was set at 5%. The sample size required for the study was calculated in the context of repeated measures ANOVA, with an interest in detecting a clinically significant mean difference of 1.2% in glycated haemoglobin (HbA1c) between groups, and assuming correlation of 0.8 between repeated measures, a common within groups SD of 1.6%, 80% minimum power and 5% type I error. Cronbach's alpha was used to test the internal reliability of instruments, with reliability analyses set to pair-wise deletion of missing data. Descriptive statistics are given as mean (SD) for continuous variables and counts (%) for categorical variables. Participants were classified into two groups according to the frequency of monitoring in the two weeks prior to the T 12 survey: Groups A and B-those who purported to monitor at least three times daily or who monitored less than three times a day respectively. Participants were further classified into tertiles of baseline HbA1c, and the incidence of hypoglycaemic events compared across tertiles at T 0 to T 12 . The mean change in incidence of hypoglycaemic events between the beginning and end of the study was also assessed.
Distributions of the variables of interest were compared between groups using the independent or paired samples t-test, as appropriate. Where data were from a skewed distribution, a transformation was applied. The x 2 test was used to compare proportions across groups. Comparisons of HbA1C and the HADS and PAID survey responses were made firstly between T 0 and T 12 for the whole cohort. Secondly groups A and B were compared at each time point for the same responses. Repeated measures ANOVA was then used to compare the mean change in HbA1C, HADS and PAID from T 0 to T 12 between groups A and B, with adjustment for age and gender.
Qualitative data analysis was undertaken to elicit the 12 participant's perception of how the DAFNE course impacted on their life and diabetes. Participants consented to be interviewed and for the conversation to be audio-taped and transcribed for data analysis. All participants were asked the same questions. These were: What impact has DAFNE had on the way you manage your diabetes on a day to day basis? Since the course, has there been a change in your hypos frequency, severity or how you manage them? Has DAFNE changed the way that you eat and if so, how? Has your physical health or wellbeing changed? Has doing the course had an effect on your life style in general or your quality of life? Has the course had any effect on your family or your relationship with family members? Has your social life or entertaining changed? Has the way you manage sport or exercise changed since the DAFNE course? Do you have any other comments to make about the impact of the DAFNE course?
Instruments
The one-page four-point, 14-item, self-report HADS [29] items are based on the psychic or mental symptoms of anxiety and depression rather than emotional and physical disorders. Scores for each item range from zero to three with total scores for both seven-item subscales greater than 11 out of 21 equating to increased anxiety or depression. The self-report Problem Areas in Diabetes (PAID) is a measure of diabetes-specific emotional distress [30] . It is a 20 item, five-point Likert-scale that covers a range of emotional states frequently reported in type 1 and type 2 diabetes. Scores reflect the degree to which the diabetes-related item is perceived as being problematic (0 = no problem to 4 = serious problem). Total score range is zero to 80 with higher scores indicating greater emotional distress. "The 0 -100 total score is achieved by summing the 0 -4 responses…and multiplying this sum by 1.25" [33] .
Results
Power calculations indicated that a total sample size of at least 52 was sufficient to detect a clinically significant difference of 1.2% in HbA1c with minimum 80% power and 5% Type I error, assuming a 1.6 within groups standard deviation. The final sample of 62 -64 participants was sufficient.
Study Population and Instrument Results
Of the target group of 85, 64 participants with complete HbA1c and survey data were available for analysis. One had missing data at T 0 and 20 lacked follow-up T 12 ; they were excluded. Participants' characteristics at baseline (T 0 ) are displayed in Table 1 . No significant differences were found between the 21 individuals excluded and the 64 participants in the analyzed group. The PAID score was somewhat higher in the excluded compared to the analyzed group, but the difference was not significant (mean (SD)): 36.3 (21.2) vs 28.3 (18.0), P = 0.098). Table 2 . More than 75% of participants scored at or below their T 0 value at T 12 on the depression and PAID surveys. The evidence for a mean reduction in HbA1c and anxiety scores was only borderline (HbA1c: −0.2, P = 0.054; anxiety: −0.6, P = 0.061 respectively).
Though the change in HbA1c for total sample was only border-line significant, a Wilcoxon paired sample test of tertile subgroups indicated a significant difference for the highest HbA1c tertile group (P = 0.003). Nevertheless, the proportion of participants with T 12 HbA1c at or below their T 0 value was greater than 50% (Proportion = 69%, 95% CI: 56% -79%). The result for the anxiety scale was the same. HbA1c was the most highly correlated of the responses (Ρ = 0.56) and PAID the least correlated (Ρ = 0.38) between T 0 and T 12 . All correlations were significantly different from zero (P < 0.0001). Comparisons of other covariates such as BMI, lipids and blood pressure showed no significant differences between T 0 and T 12 . Although total cholesterol indicated a downward trend this was found to be due to the influence of a single observation.
In accordance with study aim, two groups of data were created to explore DAFNE outcomes when participants recorded less than the recommended rate. The 19 participants who recorded their blood glucose three or more times per day, group A, and the 43 who recorded less than three times a day, group B, were compared. Neither on entry to nor at completion of the study were the two groups significantly different for mean HbA1c, PAID, Anxiety or Depression. See Table 3 : all P-values for A-B comparisons >0.05 and P-value for T 12 -T 0 compared mean change between groups A and B taken from repeated measures ANOVA after adjustment for age and gender. On average, the group recording less often (group B) tended to score lower on the PAID and both HADS scales. At T 12 , group B scored more noticeably lower than group A on the HADS anxiety subscale than at T 0 , but not significantly so (A: 6.8 (4.1) vs B: 4.7 (3.4); P = 0.068).
The trend between T 0 and T 12 was downwards for change in mean blood glucose level and all survey scales, both in participants who recorded their blood glucose less than three times per day, and in those who recorded three or more times. The changes were not significantly different between groups A and B (all P > 0.05).
The self-reported incidence of hypoglycaemic events was obtained as part of the background data because of the increased risk of hypoglycaemia in the quest to maintain HbA1c between 6 and 7.5 per cent. For the participant group as a whole (i.e., those of the original 64 with the relevant data, n =6 3) there was an average decrease in the incidence of hypoglycaemic events of 0.6, which is borderline significant (P-value = 0.086 from a Wilcoxon paired samples test). Baseline HbA1c was stratified by tertiles (thirds) andnumbers of hypos at T 0 and T 12 were compared across these groups. Tertile cut offs were: Group 1 ≤ 7.7, group 2 > 7.7 -8.5, and group 3 > 8.5. See Table 4 . There was an extreme outlier in the lowest HbA1c tertile, with 22 as the number of hypos at T 0 and two at T 12 . Data for this participant were excluded from the revised group analysis in next paragraph. The revised group (n = 62) had a mean (SD) decrease in the incidence of hypos of 0.3 (1.5), which was not significant (P-value = 0.131). See Table 4 . The majority of participants (75%) were in fact stable with no hypos at either time point, particularly for the middle HbA1c tertile, in which 85% of participants reported no hypos at both T 0 and T 12 . The incidence of hypos at T 0 was greatest in the low and high HbA1c tertiles (mean 0.8 and 0.9 respectively). At T 12 the incidence of hypos was greatest in the low HbA1c tertile. The greatest change in incidence was in the high HbA1c tertile, with a mean decrease of 0.8. The change in incidence was not statistically significant within tertiles (P = 0.752, 1, 0.074 respectively), although the result for the high HbA1c tertile group was borderline significant. Participants in the highest HbA1c tertile, group 3 for whom the intervention was most needed, had the greatest tendency to reduce the number of hypoglycaemic events. See Table 5 for the change percentages.
Interview Result
Analysis of the interview data suggested that participants had undertaken a journey or process that ultimately improved their quality of life. Whilst the stages of the journey were iterative, they appeared to start in the group sessions in the first week. Participants spoke of experimenting with foods, exercise, and insulin; gaining knowledge; learning individual insulin requirements; increasing awareness of blood glucose (BG) level; gaining confidence and improving their quality of life. Participants described how they disliked having diabetes and that prior to undertaking the DAFNE course their quality of life was low. One participant described how she frequently cried about her diabetes and the restrictions it made on her life pre-DAFNE, and that she had not cried once about her diabetes since doing the course. Consequently, the first stage of the journey in improving their quality of life involved the getting of knowledge and understanding of diabetes in relation to food and insulin. The second stage was tailoring the insulin to their food intake. Rather than "feeding their insulin" they learnt how to measure the carbohydrate (CHO) content of food and match this with an appropriate insulin dose. As a result, all participants referred to a reduction in insulin requirement leading to increasing awareness of BG level-the third stage. Here, participants spoke about their increased awareness and ability to identify a hypoglycaemic episode at a higher BG level than previously, i.e. 3.5 instead of 2.5 mmol/L. They started to realize that insulin-to-carbohydrate ratios may differ at different times of the day, and for premenopausal females, that insulin-to-CHO ratios (ICR) differed in relation to their menstrual cycle.
The fourth stage could be described as the gaining of confidence which arose from the experiential component of the 1-week part of the DAFNE program. Participants started to trust their own ability. They spoke about being able to eat when they wanted to, about feeling safe and more in control of their diabetes. They also spoke of their increased self-management confidence.
In the fifth stage, participants referred to experimenting with previous self-imposed diabetic lifestyle restriction. Some participants tried different foods; others changed the type of alcohol they drank. Also, the fear of "a hypo" (hypoglycaemic episode) no longer restricted individuals from exercising and one was able to change to a high endurance sport. Previous perceived risks associated with travel were also reduced for some. Consequently, by experimenting with those areas of their life that they felt could be improved, the participants felt they had an improved quality of life.
Whilst the first five stages of their DAFNE journey started in the first week, consolidation leading to the sixth stage followed over an extended period. The sixth stage could be described as more focused on quality of life. Participants described how they had greater enjoyment and fun and improved health. This involved not only food and drink, but greater ability to socialise, improved interpersonal relationships, closer family intimacy and greater capacity in exercise and sporting events. Improved physical and psychological health was perceived to be a direct result of the improved metabolic control. Improved metabolic control was also thought to have contributed to conception for one participant. It stands to reason that if people feel "in control" of their life that they have more control over the management of their condition, that their quality of life would be enhanced.
In summary, whilst there was no significant difference to the end of year anxiety scores, depression scores had significantly improved. Similarly, participants' diabetes-specific emotional distress scores had significantly improved. This latter finding was consistent with the qualitative data findings. Importantly, there was insufficient evidence to conclude that frequency of monitoring influenced metabolic control.
Discussion
The primary aim of the DAFNE course is to improve glycaemic control without increasing hypoglycaemic episodes juxtaposed with facilitating greater dietary freedom in eating patterns [34] [35] . A significant reduction in hypoglycaemic events was not achieved for the DAFNE program graduates in this study. However, a quarter of those in the highest HbA1c tertile group, the subgroup for whom the DAFNE strategy offered the most promise, had fewer hypoglycaemic episodes. Importantly also, in this current study, 19% of the more vulnerable lowest tertile HbA1c participants still had fewer hypoglycaemic events whilst maintaining the recommended HbA1c level. These results are consistent with Keen et al. [26] . In their study, only the highest (>9.6%) of five HbA1c subgroup achieved a significant improvement. Encouragingly, three-quarters of the sample scored at or below their initial scores for depression and for PAID-their perception of diabetes as a problem. Since the extent of people with diabetes who require psychological support warrants targeted interventions which may ultimately improve metabolic outcomes [36] - [38] and quality of life [36] [39], a DAFNE-type intervention should be considered. Although the diabetes-depression link remains dubious [40] , the prevalence of anxiety and depression in a large United Kingdom study [41] "…suggest that there is an increased prevalence of clinically relevant anxiety in females and of depression in males with type 1 diabetes when compared with the normative data." This study did not explore gender differences.
Whilst this study also sought to explore the impact of frequency of monitoring on glycaemic control, no significant difference was found in the two groups. That is, regardless of the frequency of SMBG, both groups had similar scores for HbA1c, levels of anxiety and depression, as well as their perceptions of diabetes and problem areas.
Consistent with this finding, the interview data in this study reflected a more positive outlook post-DAFNE. Possibly contributing to the perceived improvement in blood glucose control for these DAFNE graduates is the apparent increased awareness and ability to identify hypoglycaemia at a higher BG level than previously. Improved hypoglycaemia awareness enabling early correction reported by some interviewees two years or more after completing the DAFNE course is important for metabolic control and a sense of control over life in general. Interventions such as DAFNE, which focus on changing detrimental behaviours, may be useful to restore hypoglycaemic awareness and protection from severe hypoglycaemia [42] .
Nevertheless, two main limitations need to be acknowledged. As a continuous quality-assurance project in one hospital's diabetes centre, the study did not have a control group and cannot draw conclusions about the separate effect of the expertise of DAFNE-certified staff, the educational content, or strategies such as the vicarious sharing of experiences between six-to-eight participants. Second, this study did not collect or have access to data on DAFNE graduates' degree of confidence with BG level interpretation to identify patterns, or on their education level. The DAFNE educators in this diabetes centre found that some graduates need on-going education and support with interpreting records and identifying BGL patterns.
Further research is needed to focus on interpretation of BG level patterns and to explore why this aspect of diabetes self-management is so challenging for people living with type 1 diabetes. Also, does the reduction in hypoglycaemic events occur more in first six months after the week-long DAFNE course, or is the reduction more gradual as suggested by Speight et al. [10] ? For example, the incidence of hypoglycaemic events by HbA1c level and frequency of monitoring as participants progressed through the stages of behaviour change and "learn" how to apply the DAFNE principles could be of interest. An understanding of the time frame and process from learning to implementation is necessary for diabetes educators when guiding the expectations of future DAFNE course participants.
Conclusion
Consistent with others, this study found an improved perspective on diabetes management two years post-DAFNE. In addition, while the study did not find a significant difference in hypoglycaemic episodes between one group who recorded less than the recommended times, compared to another that did, the reduction in hyperglycaemic events for the higher tertile HbA1c group suggests more detailed research is needed. Newer meter technologies may support such research. Today there are blood glucose meters that have the capacity to enter ICR, insulin sensitivity factor (ISF), blood glucose targets, and duration of insulin action. Thus when blood glucose is tested, the meter uses such parameters to calculate a recommended insulin dose. The meter stores the glucose measurement, carbohydrate consumed and insulin dose administered. Hence data are used to continually evaluate the ratios to bring the BG back to target. Technology cannot, however, replace the individual's need to interpret the extra information to make informed decisions about the insulin dose. The individual's responsibility for diabetes management may not change but the way in which data are displayed, stored and used has and will change. Concomitantly however, the individual's perception about their ability to manage their diabetes remains paramount if their metabolic control and quality of life is to be improved. A DAFNE-type course remains relevant.
